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(54) METHOD OF POLISHING AND BRIGHTENING A WORKPIECE OF COPPER OR COPPER 
ALLOY

(57) The present invention relates to a method of polishing and brightening a workpiece of copper or copper alloy.
The method of the invention is especially useful in workpieces having a complex structure such as those produced by
the additive manufacturing of metals.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method of polishing and brightening a workpiece of copper or copper alloy.
The method of the invention is especially useful in workpieces having a complex structure such as those produced by
the additive manufacturing of metals.

BACKGROUND OF THE INVENTION

[0002] The technique of polishing copper pieces, conventionally used, is a chemical mechanical process. This tech-
nique has been used in planar pieces. In general, the chemical mechanical process is a method that uses chemical
oxidation and mechanical abrasion to remove material, by using chemical reaction and mechanical abrasion with abrasive
particles. For example, the European patent EP0634465B1 describes a method of polishing a surface of copper, in
which a polishing means comprise a composition of a colloidal suspension of SiOz particles is moved across the surface
to be polished while exerting a polishing pressure, with which method a surface which is substantially plane, smooth,
can be obtained. This mechanical step requires a simple structure to polish.
[0003] The patent application US2005173670 describes a method for polishing a copper film of a semiconductor
device, the method comprises the steps of preparing a slurry containing H2O2 as an oxidizer and glycine as an inhibitor;
providing the slurry onto a polishing pad; and contacting a copper film with the polishing pad. The patent is directed to
copper film and therefore to non-complex structure.
[0004] Additive manufacturing is understood to describe a method by which an article is built by depositing, consolidating
and bonding successive layers of material one on top of another. Now, the complex topology structures can now be
efficiently and accurately fabricated by stacking layered materials with additive manufacturing technology. The surface
roughness of the pieces obtained by additive manufacturing could impede the performance of the piece. This technology
demands a new polish method of complex topology structures.
[0005] It is, therefore, necessary to develop new methods that are effective for complex structure pieces made of copper.

SUMMARY OF THE INVENTION

[0006] The current invention solves the problem cited by disclosing a method of polishing and brightening a workpiece
of copper or copper alloy. The method of the invention is simpler than the chemical mechanical method known in the
art because it is not necessary to use any pad to polish the workpiece but only to introduce the piece in two different
solutions.
[0007] The method according to the invention is characterized in comprises two steps, first, the copper or copper alloy
piece is introduced in the iron salts aqueous solution and then is introduced in an oxidizing aqueous solution comprising
fluoride-containing salt. The first step is to render a polished piece and the second step is to render a brightened piece,
this second step cleans the oxides formed in the first step of the invention. After the two steps, the workpiece is a smooth
and bright piece. In the method of the invention is not necessary to use any abrasive particles and therefore is carried
out without them. The workpiece obtained with the method of the invention is not only polished, i.e, a workpiece with a
smoother surface than the initial, but also a brightening surface. Bright workpiece provides superior corrosion resistance.
This makes it perfect for use in industries that require high levels of protection against corrosive elements.
[0008] Therefore, the first object of the invention is a method of polishing and brightening a workpiece of copper or
copper alloy wherein said method comprises the steps:

a) introducing the copper or copper alloy workpiece in an aqueous solution comprising iron salts and,
b) after step a) introducing the workpiece in an oxidizing aqueous solution comprising a copper oxidizer compound
and a fluoride compound.

[0009] The term "copper alloy" means in the context of the present specification a mixture of two or more elements in
which at least one component is copper.
[0010] The term "iron salts" means in the context of the present specification any water-soluble compounds of iron
that are capable of liberating iron ions upon hydrolysis. The iron salt can be any iron salt of inorganic acid or iron salt of
organic acid.
[0011] The term "copper oxidizer" means in the context of the present specification oxidizer any compound which may
oxidize Cu to Cu+ or Cu2+.
[0012] The term "fluoride compound" includes any compound which comprises at least one fluorine atom.
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DETAILED DESCRIPTION OF THE INVENTION

[0013] Therefore, the first object of the invention is a method of polishing and brightening a workpiece of copper or
copper alloy wherein said method comprises the steps:

a) introducing the copper or copper alloy workpiece in an aqueous solution comprising iron salts and,
b) after step a) introducing the workpiece in an oxidizing aqueous solution comprising a copper oxidizer compound
and a fluoride compound.

[0014] Preferably the method of the invention is used when the workpiece is obtained by additive manufacturing.
Additive manufacturing permits to make of complex workpieces with intricate internal structures. However, there is limited
control over the final surface of the product and the roughness of the final product. The inherent surface roughness
impedes the correct performance of the workpiece, regarding fatigue or pressure drops in heat exchangers and flow
reactors, for example.
[0015] Therefore, in a particular aspect, the method of the invention refers to a method wherein the workpiece has
been manufactured by additive manufacturing.
[0016] Preferably the temperature in step a) is between 30°C and 50°C. Preferably the workpiece is in the aqueous
solution of step a) between 30 minutes and 120 minutes. Preferably the temperature in step b) is between 18°C and
35°C. Preferably the workpiece is in an oxidizing solution comprising fluoride of step b) between 5 minutes and 120
minutes.
[0017] Preferably copper alloy refers to alloys of 90 wt% to 99 wt% copper. Preferably, the further components of the
alloy are selected from one or more of boron, silicon, phosphorous, or another metal such as nickel, iron, cadmium, zinc,
zirconium,cromiun tin, or titanium. In certain embodiments, the copper alloy is brass or bronze.
[0018] Preferably, the iron salt is an iron halide. More preferably, the iron halide is ferric chloride.
[0019] Preferably, fluoride compounds are selected from: tetramethyl ammonium fluoride ((CH3)4NF), ammonium
fluoride (NH4F), hydrogen fluoride (HF), fluorinated salts such as calcium fluoride, ammonium fluoride, aluminum fluoride,
sodium fluoride, potassium fluoride, magnesium fluoride, silicon hexafluoride (H2SiF6), zirconium hexafluoride (H2ZrF6),
potassium zirconium hexafluoride (K2ZrF6) and titanium hexafluoride (H2TiF6) and ammonium bifluoride, i.e., ammonium
hydrogen bifluoride (NH4HF2), and combinations thereof. Particularly the fluoride compound is ABF (ammonium biflu-
oride).
[0020] The copper oxidizer preferably is selected from a peroxide compound, persulfate compound, persulfate com-
pound, periodate salt, periodic acid, a perbromate salt, perbromic acid, iodate salt, iodic acid, bromate salt, bromic acid,
permanganate compound, or quinone; particularly hydrogen peroxide and/or nitric acid.
[0021] Preferably the oxidizing solution comprising and acid. More preferably an organic acid. Particularly lactic acid.
Preferably the oxidizing solution comprising a copper oxidizer compound at a concentration comprised between 15%
and 40% and a fluoride compound at a concentration comprised between 1% and 5%. More preferably the oxidizing
solution comprises an acid in an amount between 5% to 15%. Particularly the oxidizing solution consists of HNO3, H2O2,
lactic acid, ABF.
[0022] In the present invention the term "concentration" refers to weight concentration (w/w) when the solute is solid
in the aqueous solution and volume concentration (v/v) when the solute is liquid in the aqueous solution.

Examples

[0023] The following examples are merely illustrative of this invention and must not be interpreted in a sense that is
limiting thereof.

Example 1

[0024] A copper workpiece was introduced in two different baths. The initial weight of the workpiece was 11,5164 g
and the initial Sa (arithmetical mean height of the surface mm) is 25,5 mm.
[0025] The first bath composition was an aqueous solution of 50g/L FeCl3. The workpiece was in the first bath at 50°C.
After 1 hour in the first bath, the workpiece was changed to a second bath. The composition of the second bath is shown
in Table 1.
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[0026] The workpiece was 30 minutes at 30°C in the second bath.
[0027] The roughness of the surface workpiece was characterized by the parameter defined in the standard ISO 25178
"Geometrical product specifications - Surface texture". These parameters were measured initially and after applying the
method of the invention. Table 2 showed the parameters measured in the initial and in the final workpiece.

[0028] The weight of the final piece was 9,2743 g.
[0029] The final workpiece obtained by the method of the invention was a sample smooth and bright, the decrease in
weight was -19,47%, and the decrease in Sa was -68,31 %

Example 2. A comparative example of the invention

[0030] A copper workpiece was introduced in an iron chloride and fluoride solution to explore a possible combination
of the two steps in one step. The bath composition is shown in Table 3.

[0031] The initial weight of the workpiece was 11,7592 g and the initial Sa (arithmetical mean height of the surface)
was 21,9 mm.
[0032] Table 4 shows the parameters measured in the initial and in the final workpiece after 1 hour treatment at 50°C.

Table 1. Second bath composition

Component Percentage (% v/v)

HNO3 15

H2O2 15

HLac 10

ABF 2,5

Table 2 Parameters

Parameter Description Initial Final

Sq (mm) Root mean square height of the surface 31.3 10.1

Ssk (mm) Skewness of height distribution -0.0329 -0.04

Sku (mm) Kurtosis of height distribution 2.56 2.84

Sp (mm) Maximum height of peaks 96.6 30.1

Sv (mm) Maximum height of valleys 89.6 45.9

Sz (mm) Maximum height of the surface 186 76.0

Sa (mm) Arithmetical mean height of the surface 25.5 8.08

Table 3. Bath composition of Example 2

Component Percentage(%w/w)

FeCl3 5

ABF 2,5

Table 4. Initial and final parameters of example 2

Parameter Description Initial Final

Sq (mm) Root mean square height of the surface 27.4 8.88

Ssk (mm) Skewness of height distribution 0.0119 -0.0602

Sku (mm) Kurtosis of height distribution 2.80 3.24

Sp (mm) Maximum height of peaks 85.6 33.7
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[0033] Although the roughness results reveal a good polishing and smooth appearance, with a decrease in Sa of
67.76%, the piece shows a poor, blackish finish, which can lead to corrosion problems. The final weight of the workpiece
was 9,6621 which means a reduction of -17,83% during the process.
[0034] Surprisingly, as shown in example 1 of the invention, when the active compounds are used in two separate
solutions the bright end piece is achieved.

Example 3 Comparative example of the invention

[0035] A copper workpiece is introduced in fluoride-containing bath. The initial weight of the workpiece was 11,5672
g and the initial Sa (arithmetical mean height of the surface mm) is 25,7 mm.
[0036] The composition of the bath is described in Table 5. The workpiece was in the bath at 50°C.

[0037] Table 6 shows the parameters measured in the initial and in the final workpiece after 2 and a half hours of
treatment.

[0038] The weight of the final piece was 9,6569 g.
[0039] The final workpiece obtained by the method of the invention was a bright sample but not smooth, the decrease
in weight was -16,51%, and the decrease in Sa was - 53,31%.
[0040] Example 1 in view of Example 3 shows an improvement in the reduction of the different parameters, also is
relevant that the better results obtained in the Example 1 are obtained in less time.

(continued)

Parameter Description Initial Final

Sv (mm) Maximum height of valleys 91.9 53.7

Sz (mm) Maximum height of the surface 178 87.3

Sa (mm) Arithmetical mean height of the surface 21.9 7.06

Table 5. Bath composition

Component Percentage (% v/v)

HNO3 15

H2O2 15

H Lac 10

ABF 2,5

Table 6. Parameters

Parameter Description Initial Final

Sq (mm) Root mean square height of the surface 31.6 15.9

Ssk (mm) Skewness of height distribution -0.00684 -0.0257

Sku (mm) Kurtosis of height distribution 2.60 4.16

Sp (mm) Maximum height of peaks 79.9 63.0

Sv (mm) Maximum height of valleys 92.2 75.7

Sz (mm) Maximum height of the surface 172 139

Sa (mm) Arithmetical mean height of the surface 25.7 12.0

Table 7. Comparative results

Parameter Initial Final Reduction(%) (Example 1) Reduction (%) (Example 3)

Sq (mm) 31.3 10.1 68 50
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[0041] The surface parameters S provide us with information about the roughness in a given area.
[0042] Sa represents the mean of the difference between the mean height and the mean plane, i.e, the mean height
of the peaks. The lower values show less roughness and therefore better polishing.
[0043] The Sp and Sv values show the maximum height of a peak and the maximum depth of a valley respectively.
They are directly related to the Sz value that shows us the maximum difference between the highest peak and the
deepest valley, that is, the sum of Sp and Sv. The smallest value of these parameters is sought to ensure better polishing.
[0044] The Sq parameter corresponds to the standard deviation of the height distribution and tells us how scattered
the data are with respect to the mean. A more regular distribution in the height of the peaks will give us a smaller value of Sq.
[0045] At least all these parameters have been improved with the present invention.

Claims

1. Method of polishing and brightening a workpiece of copper or copper alloy wherein said method comprises the steps:

a) introducing the copper or copper alloy workpiece in an aqueous solution comprising iron salts and,
b) after step a) introducing the workpiece in an oxidizing aqueous solution comprising a copper oxidizer com-
pound and a fluoride compound.

2. Method according to claim 1 characterized by the workpiece is obtained by additive manufacturing.

3. Method according to any of claims 1 or 2 characterized by the temperature in step a) is between 30°C and 50°C.

4. Method according to claim 3 characterized by the time of step a) is between 30 minutes and 120 minutes.

5. Method according to any of claims 1 to 4 characterized by the temperature in step b) is between 18°C and 35°C.

6. Method according to claim 5 characterized by the time of step b) is between 5 minutes and 120 minutes.

7. Method according to any of claims 1 to 6 characterized by the iron salt is ferric chloride.

8. Method according to any of claims 1 to 7 characterized by the copper oxidizer is hydrogen peroxide and/or nitric acid.

9. Method according to any of the claims 1 to 8 characterized by the oxidizing solution comprising an acid.

10. Method according to claim 9 characterized by the oxidizing solution comprising a copper oxidizer compound at a
concentration comprised between 15% and 40% a fluoride compound at a concentration comprised between 1%
and 5% and an acid in an amount between 5% to 15%, wherein the term concentration refers to weight concentration
(w/w) when the solute is solid in the aqueous solution and volume concentration (v/v) when the solute is liquid in
the aqueous solution.

(continued)

Parameter Initial Final Reduction(%) (Example 1) Reduction (%) (Example 3)

Sp (mm) 96.6 30.1 69 21

Sv (mm) 89.6 45.9 49 18

Sz (mm) 186 76.0 59 19

Sa (mm) 25.5 8.08 68 53
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